Abstract Since early 1960s, there has been a growing interest in the emergence and development of new technologies accompanied by a strong wish from decision makers to govern related processes at the corporate and national levels. One of the key categories that appeared to set up analytical and regulatory frameworks was the 'advanced technology' category. Primarily associated with computer electronics and microelectronics, it soon had new meanings derived from a variety of professional discussions primarily in the social sciences. Later in a new term, 'emerging technologies', appeared to highlight the speed of change in a wide range of promising research areas. This paper focuses on the evolution of academic discussions concerning advanced and emerging technologies in social sciences literature for the period from 1955 until 2015. In order to identify whether studies in these areas constitute separate research fields, the paper studies the evolution of co-citation networks and the centrality characteristics of transitionary references. It was shown that social studies in emerging technologies demonstrate better consistency in background in literature. However, an analysis of transitionary references and their centrality characteristics can hardly confirm the existence of separate research fields in both cases. The suggested method for the identification and tracking of papers mediating ongoing discussions in a selected knowledge network may be helpful in understanding the evolution of weakly conceptualized and growing research areas.
Introduction
Technological development is the main driver of international competitiveness and economic growth. Therefore, technological progress has become a policy priority for many countries, and considerable financial resources are invested with the expectation of longand short-term returns. Since the 1950s interest in the development and use of new technologies has steadily grown, together with the attempts of decision makers to regulate related processes at the institutional and national levels. To describe the ongoing changes in global technological development, a selected number of terms emerged to tag similar groups of technologies (Manyika et al. 2013; SEC 2009; OECD 2013) . The most popular labels are emerging, disruptive, enabling and advanced technologies. These terms are also widely used in the academic literature ( Fig. 1 ) and provide relevant classification categories (e.g. see Gokhberg et al. 2013) or elaborate an operational definition (Halaweh 2013; Rotolo et al. 2015) to clarify the meaning a widely used umbrella concept.
Among the four mentioned technological categories, two deserve special attention, namely the 'advanced' and 'emerging' technologies. The former is broader and older, comprising various technologies from flexible manufacturing, computer-aided design to robotics and automated storage systems. The term appeared in the literature in the 1950s and became the foundation for the future development of other types of technologies.
Advanced technology is a key category that emerged together with a set of definitions and distinct criteria for R&D. Immediately following WWII, advanced technologies were primarily associated with the growing need for sufficient training of technical specialists (Venables 1962) . Early definitions of the term addressed various features of advanced technologies. Before 1980s it implied a certain complexity of production processes, including the required equipment and organizational methods, with the aim to increase efficiency (Solo 1966) . Advanced technologies were embedded in discussions of developments in energy storage (Robinson 1974) , automation processes and computer utilization (Scott 1973) . Later definitions used the term primarily in controlling, tracking or monitoring related manufacturing processes (Youssef 1992; Boyer et al. 1997) .
The mid 1990s were marked by the first conventional definition of advanced technology, which was proposed in the Frascati Manual in relation to manufacturing processes Fig. 1 Number of documents in SCOPUS that include terms 'advanced technology', 'emerging technology', 'enabling technology' and 'disruptive technology' in title, abstract or keywords. Time span: 1955 Time span: -2015 (OECD 1994) and the occurrence of the term in statistical and other surveys (Baldwin and Da Pont 1996; Baldwin and Sabourin 2002) . Despite the growing interest in the role of advanced technology in economic growth, the definition vanishes from later editions of the Manual as well as from other OECD manuals. The term seemed to contradict the dominant term relating to the measurements and evaluation of technology. Still, the definition proposed in the Manual was replicated in some later works (e.g. Dangayach and Deshmukh 2004) .
Despite the variety of interpretations, there still is no common understanding or a notion of advanced technologies. There is however some common features that the majority of authors share: novelty, relation to information technology, and improvement in efficiency of current operation or production processes. However, in the literature one can hardly find robust criteria for distinguishing advanced technology from others. Moreover, some of the characteristics used in the definitions such as novelty or efficiency, are universal and therefore relevant for the definitions of other groups of technologies.
As opposed to the vague concept of 'advanced technology', the literature on emerging technology is more coherent. Numerous papers present a definition of the concept of 'emergence' in general and 'emerging technology' in particular. The first appearance of 'emerging technology' is associated with the late 1960s. The two early studies using the term belong to different research areas-psychometry and engineering. Despite this fact, both authors perceive 'emerging' as 'new and superior' to existing practices (Wernimont and Campbell 1968; Ault 1968) . Later studies equate emergence with uncertainty of outcomes, unobvious social impact or limitations of availability (Halaweh 2013) . One of the recent studies review defining emerging technologies (Rotolo et al. 2015) include five features of emerging technologies: radical novelty, fast growth, coherence, prominent impact, uncertainty and ambiguity.
Since the 1990s, emerging technologies received much attention from scholars in the field of both strategic management and science and technology policy setting. Due to potential of these technologies for discontinuous and pervasive change, particular attention has been paid to their role in socio-economic development. Emerging technologies such as spin transistors, gene therapy, digital imaging, micro-machines are referred as originators of new industries (Hung and Chu 2006) , with an influence on a country's capability to introduce technological innovations and, therefore, compete at the international level (Porter, et al. 2002) . Moreover, the concept has been examined by technological foresight studies to identify the most promising technologies for the socio-economic development of different countries (see e.g. Martin 1995) .
Over time perceptions of certain technological categories have undergone remarkable change in the professional discourse. This paper is focusing on a meta-analysis of discussions on emerging technologies as they are represented in journal articles and asks whether social studies in advanced and emerging technology construct consistent research fields. While conventional approaches focus on the analysis of terminology usage and (re)construction of definitions in order to provide certain conceptual framing of a growing area this study suggests looking at corps of texts that set up a research agenda for a certain period. If a semantically connected group of papers appear once in a network and demonstrate a certain level of stability over time we can conclude that there is a selfgenerating communication core in professional discussions and therefore a consistent research field exists. To identify such a 'communication core' and its elements it is suggested that one take a closer look at reproduction of co-citation networks through analysis of transitionary references. The rise of the same co-cited papers in a longer period can indicate ongoing institutionalization processes in academic discussions. Moreover, it is proposed to look at centrality characteristics of transitionary references to clarify if they are filling gaps in knowledge (i.e. closing structural holes in communication networks) or acting as gatekeepers and consolidating accumulated theoretical or practical experience on a crossroad of different frameworks. Identification of these papers in dynamics may bring a better understanding of the evolution of weakly conceptualized and growing research areas. The overall scheme of the proposed approach is demonstrated at Fig. 2 .
The paper is structured as follows. First, we address approaches used for the analysis of scientific networks and the identification of a knowledge base in a selected research field or tradition. Here we pay special attention to the idea of spatial configuration of research networks and the notion of 'betweenness centrality'. In the next section, we describe our method in greater detail. In the findings section, the results of our analysis are presented. Finally, we discuss the main findings of the paper and draw conclusions on the limitations of the study and further areas of research.
Literature review
Ways to identify the emergence of new scientific and technological areas has recently received great attention from the scientific community (Robinson and Propp 2008) . Various contributions offer distinctive data mining methods for investigation of the overall dynamics of technology development or growth of specific technology domains. Some scholars suggest looking at bursts of academic publications to detect the emergence of a wider range of technologies (Dernis et al. 2016) , while others focus on citation network analysis to identify research fronts in a specific technology domain (Shibata et al. 2011) . In these studies authors elaborate their best methods for identification of emerging technologies by modeling milestones [a good review on this can be found in Abercrombie et al. (2012) ], while the question as to whether this area constructs a separate field of research remains untouched. The answer to such a question requires some reflection on theories concerning the social nature of knowledge networks and the evolution of research fields.
Numerous of social studies of science have demonstrated that a research field exists when a group of scholars act within a common paradigm that concentrate their effort on a certain set of cognitive problems (Cole 1983 ) and form collective identities, research goals and practices (Whitley 2000) . This approach works properly until one is considering any of the problem-oriented fields developed within or against an established standard of research work supported by a certain level of cognitive and social organization of scientific effort (Frickel and Gross 2005) . In this case, specific patterns of the development of new disciplines and re-organization of scientific fields can be identified through an analysis of organizational change (e.g. see Mullins 1972 Mullins , 1973 as well as through the growing Fig. 2 A proposed approach to analysis of a research field consistency interdisciplinarity of science (Porter and Rafols 2009) . For both cases authors regularly adopt the strategy of exploring the 'knowledge base' of the recognized field by looking at key contributors and/or publications that are setting the research agenda for a certain period (Fagerberg and Verspagen 2009; Fagerberg et al. 2012a) . In a fewer number of cases authors suggest looking at the emerging knowledge base that is associated with some vague concepts such as 'knowledge economy' (Fagerberg et al. 2012b ). Specific methods of such an analysis may include the identification of keyword combinations, describing the growing research domain (Porter et al. 2008; Wang et al. 2013) or an exploration of the listed number of journals primarily associated with the selected research field (Schummer 2004 ). The latter is crucial for the completeness and fullness of an observation as long as the use of some concepts might be a challenge when one is dealing with a weakly defined concept that may have different connotations in different disciplines. One example is the 'knowledge economy' that was mentioned above. Another example is the term 'institution', which despite its common use, has different interpretations in the tradition of classical and new institutionalism used in organizational analysis (DiMaggio and Powell 1983; Powell and DiMaggio 2012) . Therefore, reliance only on methods that search for a common terminology or use of term is not enough to argue for the existence of a research field.
Another strategy to use when considering the development of a scientific field lies in the analysis of communication structures. To identify stable communication networks that feed further academic discussions, scholars suggest using social network analysis (SNA) and particularly co-citation networks (Borgatti et al. 2013) . Specifically, attention is paid to the co-citation analysis initially introduced in 1973 for studies of linkages between the documents (Small 1973; Marshakova-Shaikevich 1973) to show their semantical relatedness. Further this method was adopted for mapping invisible colleges (Gmür 1973 ) and clusters of science (Small 1999) as well as searching for emerging topics (Small et al. 2014) . As a measure of the frequency with which at least two papers are cited together in other documents, co-citation analysis allows for the identification of cognitively related knowledge clusters accepted (through citations) by a wider network of followers.
Similar ideas can be found in graph theory showing that the spatial configuration of elements might characterize their role in a network. For instance, Bavelas (1948 Bavelas ( , 1950 showed the relationship between centrality and communication processes in small networks. He demonstrated that optimally positioned actors could accumulate information flows from dislocated parts of a network and therefore play a gatekeeping role. Smith (1950) and Leavitt (1951) suggested that authors holding central positions might also influence the behavior of other linked members. For the aim of this study it is assumed that those actors in academic networks that gain more attention from their colleagues through received citations will have a higher social status and therefore hold more central positions (Merton 1988; Small 2004 ). Subsequently, a centrality position would mean the author's association with a communication core of a field.
Recent papers suggest using betweenness centrality algorithms for placing actors and journals in citation networks (Leydesdorff 2007) to identify core elements of knowledge networks. Papers with higher betweenness are essential in a network as long as they mark parts of the network known as 'structural holes', i.e. the separation between non-redundant contacts that provide opportunities for mediating knowledge flows in a wider community of actors (Burt 1992 (Burt , 2002 . On the other hand, betweenness centrality might be taken as a characteristic of gatekeeping papers (Borgatti and Everett 2006) . While the original theory focuses on competition and social capital in actors' relationship, we took the idea of information flows among actors and further elaborated it for the co-citation networks. In line with Burt, this paper focuses attention on the actors who adopt relatively more important positions and therefore affect co-citation characteristics.
Method
An earlier study by the authors on the evolutionary analysis of advanced technology as a research field showed the penetration of the concept from social sciences to natural and engineering disciplines (Kadyrova and Fursov 2016) . The analysis covered 10-year periods and identified at least three phases with foci on different issues: R&D and technology management (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) , technology diffusion and innovation development (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , and discussions on specific technologies and materials (2011) (2012) (2013) (2014) (2015) . The method suggested in the paper was initially adopted from (Yan and Ding 2009) , who investigated co-authorship networks of library and information science through centrality analysis. The authors used different centrality metrics (closeness, betweenness and page rank) to compare the stability of positions of the top 30 authors in a network moving from one period to another.
For the aim of this study, it is proposed to use the idea of transitionary papers to a cocitation network in order to identify a communication core in discussions about advanced and emerging technologies. It is assumed that such a core exists when there is an observable, significant number of references moving from one co-citation period to another. In other words, there is an observable and stable citation track that connects discussions in more than one follow-up period. This is expected to be especially relevant for discussions in social sciences as long as they have larger citation windows and longer citation half-life (e.g. see Glänzel 1996) . For a better understanding of the role of transitionary references it is suggested to compare their centrality characteristics of which specific attention is to be paid to betweenness centrality as long as this measure is associated with the idea of gatekeeping in science (Leydesdorff 2007) .
To summarize, in order to verify existence of a separate research field in discussions about advanced and emerging technologies, the following five steps were taken.
1. Data extraction and the creation of a data set.
For the purpose of this survey, data was extracted from the SCOPUS database accessed: 20.11.2016 for the period from 1955 until the end of 2015 [all types of documents, social sciences and humanities (SSH) papers; queries: TITLE-ABS-KEY (''emerging technolog*''), TITLE-ABS-KEY (''advanced technolog*'')]. This allowed for the extraction of documents using the term explicitly or specific technologies directly associated with it. Papers published in the SSH were considered the only data source for the current study. Previous studies showed that the majority of attempts to elaborate a definition or conceptual framework for analysis of vague technology domains came from the social sciences (Rotolo et al. 2015) .
Identification of periods for comparison.
Using a frequency analysis of the number of documents already reveals several shorter periods of publication activity growth. While the emergence of early papers goes back to 1960s, the overall number of studies remains insufficient for the co-citation analysis until mid-1990s for both advanced and emerging technologies (Fig. 3) .
Due to the increased attention given to citation-based indicators, scholars discuss differences in citation patterns across the fields of science and various disciplines. As shown in Glanzel and Schoepflin (1995) , de Bellis (2009) , the ageing of publications in SSH is slower than in natural sciences. Thus, Wang (2013) showed that for SSH journals optimal citation windows go between 5 and 15 years, shorter or longer periods do not allow for tracking publication influence. The literature agrees (Glanzel and Schoepflin 1995) , that 3-year citation windows help to balance fields rapidly becoming obsolete (e.g. mathematics, chemistry, physics) and the fields that become obsolete more slowly (e.g. humanities and social sciences). The current study attempts to cover both types of citation behavior ('early rise and sharp decline' and 'late rise and slow decline') among publications in SSH. Therefore, longer citation windows were used.
As the most active growth took place during 1990-2010, these 20 years of active development were divided into two 10-year periods. The remaining years (2011) (2012) (2013) (2014) (2015) made up the final period. Finally, we obtained four resulting periods ranging from 35 to 5 years. Publications on advanced and emerging technologies have differed to various extents during . Despite that, the decision was made to keep the periods the same for both groups of technologies to assure comparability.
Construction of co-citation networks.
In a third step, VOSviewer version 1.6.5 (van Eck and Waltman 2010) 1 was used to construct co-citation networks (full-counting algorithm). Due to the low density of both networks papers cited at least twice were taken for further consideration. Table 2 provides details about the networks. Betweenness centrality was further calculated in UCINET (Borgatti et al. 2013 ).
4. Identification of papers co-cited in more than one period.
Following the recommendations provided in Yan and Ding (2009) , networks characteristics were compared to identify two types of references: those that have high centrality values, and 'transition references'-papers co-cited in more than one period. Identifying Fig. 3 The number of documents in SCOPUS on advanced technology and emerging technology published in social sciences and humanities sources: 1955 -2015 Scientometrics (2017 ) 111:1947 -1963 1953 such elements in a network signals the existence of continuous research questions that are one of the crucial elements of research field (Cole 1983 ).
Comparison of centrality metrics.
In order to understand the role of transitionary references in co-citation networks for two or more concurrent periods it was suggested to compare their centrality characteristics of which specific attention is to be paid to betweenness centrality. The latter was selected as a key measure to look at the group of authors connected by the shortest paths passing through a vertex. Compared to other metrics (e.g. degree centrality, Eigenvector centrality or Katz centrality), these centrality characteristics may be applied to any collection of entities with reciprocal quotations and references. It assigns a numerical weighting to each element of a linked set of documents with the purpose of measuring its relative importance within the set. Betwenness centrality characterizes gatekeeping papers (Leydesdorff 2007; Borgatti and Everett 2006) that are given priority attention in this study. Other commonly used metrics such as degree centrality and closeness are considered to provide additional characteristics of the core elements.
Results
Following the proposed strategy, first the overall publication dynamics was considered. As  Fig. 2 shows, the most active period of growth in both areas is observed in the decade from 2001 until 2010. Since 2005 publications on emerging technologies have begun to dominate those on advanced technologies and after 2010 trends go in different directions. While the latter area seems to lose its importance, the former continues to grow at the same rate. The number of papers written in each period for further co-citation analysis is provided in Table 1 .
Before the 1990s, publication sources did not belong to only social or natural sciences ( Table 2 ). As such, 'American Helicopter Society Proceedings', 'Science', 'Rail International', 'European Journal of Operational Research' were primarily sources of information on both areas during the first period. Starting in the second period (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) , a certain differentiation of sources began to take place. While papers on advanced technology were mostly concentrated in natural sciences journals studies, emerging technologies were wider cited among periodicals in social sciences. The identification of sources relevant for both domains such as 'Annual Forum Proceedings-American Helicopter Society' indirectly points out that at this stage, advanced and emerging technologies could have been considered similar categories or even synonyms.
Multidisciplinary journals such as 'Nature' and 'Science' became the primary publication sources for advanced technology studies after 2000, while emerging technology studies were concentrated either in the conference proceedings of engineering sciences or in management journals. The overall use of the term 'emerging technology' is higher across social sciences discourse while the term 'advanced technology' is better established in natural and engineering sciences journals. (2017) 111:1947-1963 1955 In order to identify existence of a communication core in each of the subsets of data, eight co-citation networks were constructed (Table 3 ). Both fields, as expected, produced a significant rise in the number of references during 2000-2010, however the 'emerging technology' co-citation network outnumbered 'advanced technology' by almost 6 times.
The co-citation networks of the two technological areas had not differed significantly from the perspective of networks metrics (Table 4 ; ''Appendix''). For all periods discussions on emerging technology demonstrate higher growth of intensity of communications. However, the density of a network that characterizes the speed at which information diffuses among the nodes as well as the extent to which actors have high levels of constraint is higher for advanced technology networks in all of the considered periods. While for the earlier periods (before 1990 and in 1991-2000) this can be explained by a lower number of papers and therefore tighter communication in cliques, higher density of cocitations in advanced technology against other parameters of the network indicates a slower growth rate and poorer penetration in a wider range of discussions. Established once in the last decade of the twentieth century, this area of research seems to remain constrained from further integration into the agenda of social sciences.
Since the primary intention of this paper was to assess the evolution of the academic discussion about advanced and emerging technologies, the authors focused on the similarities and differences of the knowledge base between concurrent periods. This allowed for tracking the dynamics of network structures, including the identification of key actors and therefore sets of problems connecting discussions about emerging and advanced technologies. Table 5 describes the dynamics of co-citation networks: rows indicate periods from which references move, while columns show the ones to which they move.
The area of emerging technology studies demonstrates a higher number of transitionary references. Moreover, the number of such references for the two decades increased by more than 10 times, which confirms the previous observations on better penetration of this area within the social sciences discourse. Five references from the emerging technology co-citation networks moving from 1991-2000 to 2001-2015 include three papers that conceptualize technological evolution in economic terms (Dosi 1982; Tushman and Anderson 1986; Anderson and Tushman 1990) and two works on the dynamics of innovation (von Hippel 1988; Utterback 1994a, b) .
Studies cited both in 2001-2010 and 2011-2015 were focused on a variety of areas. Authors wrote about the various aspects of technological development, including questions concerning the philosophy of science and technology (Latour 1987; Beck 1992) , technology acceptance (Davis et al. 1989; Venkatesh and Davis 2000) , innovation development (Teece 1986; von Hippel 1988; Cohen and Levinthal 1990a, b; Malerba 2002) , approaches to technology forecasting (Daim et al. 2006) , public perception of technology (Slovic and Weber 2002; Cobb and Macoubrie 2004) , and specifically nanotechnology acceptance (Bainbridge 2002; Bowman and Hodge 2006; Scheufele and Lewenstein 2005; Renn and Roco 2006) . Out of the six references moving from 1991-2000 to 2001-2015 in the co-citation network of advanced technology three coincide with the transitionary references in the emerging technology network of the same period (Teece 1986; von Hippel 1988; Cohen and Levinthal 1990a, b) , three others refer to the critical analysis of innovation typology (Garcia and Calantone 2002) , reflections on knowledge development of a firm (Grant 1996) and the problem of international technology diffusion (Keller 2004) .
Descriptive statistics and centrality values have not shown a significant difference between the two analyzed technology areas. The majority of references were cited from two to three times (''Appendix'') with no substantial discrepancy between minimum and maximum number of citations. Betweenness centrality values as well as other centrality metrics taken into account did not affect the referencing of papers in the two concurrent periods. As Fig. 4 shows, centrality values are distributed more or less equally for stable and transitionary references. Therefore, referring to a paper during a longer period is not related to social networks properties (no statistically significant difference in centrality characteristics for transitionary and stable references were identified). 
Scientometrics (2017) 111:1947-1963 1957 As seen from the contents of papers appearing in two concurrent periods, both in the case of advanced and emerging technologies, authors refer to studies addressing a wide range of problems concerning technological and innovative development starting from general philosophical issues to more narrowly focused questions concerning the adoption of specific technologies. Although one can see slightly better dynamics in core papers that inspired discussions on emerging technologies, this can hardly be associated with their gatekeeping position in co-citation networks. Moreover, other centrality metrics do not demonstrate any significant difference between transitionary and stable references. The latter means a coincidental use of both concepts and therefore the natural variety of their use in the literature. All of this demonstrates that discussions on advanced and emerging technologies can hardly be considered separate research fields. In both cases, one can observe stochastic referencing or its synthesis in relation to a specific problem with which a group of technologies with some common, but abstract characteristics (such as fast growth or radical novelty) can be associated. 
Conclusions
New technologies are crucial for national economic growth and the improvement of our daily lives. In order to better understand the effects of technology implementation, reveal technological trends and manage technology growth, new developments require proper assessment and monitoring. However, as it was shown, the boundaries of the concept of 'technology' especially when it is connected with some advancements are vague, which leads to difficulties in measurements and increases confusion among decision makers.
The paper presented the evolution of academic discussions concerning two groups of technologies namely 'advanced' and 'emerging', which were identified through the analysis of transitionary references in co-citation networks for several decades throughout the overall period from 1955 to 2015. This allowed for the identification of key alterations in the professional discourse in social sciences about these groups of technologies in order to assure their development as separate research fields.
It was shown that conceptual framing of both concepts is a stochastic process and that social studies in related areas can hardly constitute separate research fields. Papers on advanced technology, though addressing social issues, have a stronger connection with natural sciences while studies in emerging technologies demonstrate a wider penetration among periodicals in social sciences journals. A further analysis of co-citation networks pointed to a lack of common background for advanced technology papers in almost all of the observed periods, only those which were cognitively connected through a limited number of transitionary references. Studies in emerging technologies demonstrated a better consistency in terms of reproduction of citations in related co-citation networks. In particular, three connected periods were identified for which the number of transitionary references was growing. Despite this, centrality characteristics of such references as well as other characteristics of cocitation networks can hardly confirm existence of separate research fields of study. Moreover, traditions that feed the current research agenda on emerging technologies are too diverse and weakly connected.
In conclusion, the analysis showed that at the current stage, existing discussions in both areas cannot be considered separate research fields. Though discussions in both areas demonstrate stochastic referencing and lack replicability of co-citation networks, emerging technologies demonstrate the primary attributes of a developing research field. The suggested approach including the identification and measuring of network characteristics of transitionary references can be used for the analysis and predictive modeling of specific technological domains. However, a keyword analysis or advanced text-mining techniques may provide more evidence about the technological content of promising areas. 
Appendix: Descriptive statistics of references citation values

